The nuclear modification factors (RAA) of π ± , p(p), and d(d) with |y| < 0.5, pT < 6.0 GeV/c in peripheral (40-60%) and central (0-10%) Pb-Pb collisions at √ sNN = 2.76 TeV have been studied using the the parton and hadron cascade (PACIAE) model plus the dynamically constrained phasespace coalescence (DCPC) model. It is found that the distribution of RAA of light (anti-)nuclei d is similar to that of hadrons (π, p), and the distribution of anti-particles is the same as that of particles. The suppression of high-pT particles strongly depends on event centrality and mass of the particles, i.e the central collision is more suppressed than the peripheral collision. Besides, the yield ratios, double ratios R 
I. INTRODUCTION
A new form of quark-gluon plasma (QGP) matter characterized by the deconfined state of quarks and gluons (partons) can be produce in heavy-ion collisions at ultrarelativistic energies, such as at the Relativistic HeavyIon Collider (RHIC) at BNL and Large Hadron Collider (LHC) at CERN. As a truth, QGP , which is central to the collision physics, can finally transverse to (anti-)matter through a series of complex process. Particularly, the study of the production of (anti-)hadrons and light (anti-)nuclei in these collision systems, not only late provides information about the dynamics of QGP matter formation and emission, also can be used as reference to understand the underlying physical mechanisms for matterantimatter asymmetry. Experimentally, the high energy accelerator experiment makes it possible to study the production of (anti)hadrons and light (anti)nuclei. Up to now, numerical experimental results of (anti-)hadrons (π − , k − ,p, etc.) and (anti-)nuclei (d, 3 Λ H, and 3 He, etc.) production as well as their corresponding transverse momentum spectra have been reported in pp and Pb-Pb collisions at √ s NN = 2.76 TeV [1] [2] [3] [4] [5] [6] [7] [8] .
On the other hand, the production of hadrons in nucleus-nucleus (A-A) collision, relative to pp collisions, can give information about the dynamics of QGP matter [3] , e.g.,the nuclear modification factor (R AA ). In A-A collisions, at lower transverse momentum (p T ) regime, there exists the so-called baryon anomaly observed at RHIC, e.g., the baryon-to-meson ratios,leading to a, so far, not well understood enhancement [9] [10] [11] . For high p T region, the hadron productions are suppressed due to parton energy loss (jet quenching effect) when high p T * Corresponding Author: chengang1@cug.edu.cn scattered partons traverse the nuclear medium [12] [13] [14] and thus has an effect on the particle p T spectrum such as those first reported at RHIC [15, 16] and LHC [3, [17] [18] [19] , which give a direct evidence of QGP matter existence in adverse.
The R AA , which be applied to compare the p T distributions of the charged particles in nucleus-nucleus (A-A) collisions to proton-proton (pp) collisions, is typically expressed as:
where N AA ch and σ pp ch denote the charged particles yield per event in A-A collision and the charged particle cross section in pp collision,respectively.The nuclear overlap function T AA is computed from Glauber model [20] .
Both experimentally and theoretically, the study of the R AA of the p T spectrum in Pb-Pb collision compared to pp collision at the same energy can play an important role in studying the detailed mechanism by which hard partons lose energy traversing the medium [21] . Recent measurement data of R AA in Pb-Pb collision from ALICE and CMS experiments have been published in succession [3, 6, [17] [18] [19] 22] . Compared with R AA of hadron (charged particles, π, k, p, etc.), R AA of light (anti-)nuclei is not well yet explained in high energy A-A collision experiments. Therefore we consider that the R AA properties of (anti-)hadrons and (anti-)nuclei in PbPb collisions deserve to be further discussed in several models.
In theory, there are many successful relativistic hydrodynamics and models widely used to describe the production of hadrons and light nuclei in relativistic heavyion collisions [23] . Currently, the (anti-)hadrons are usually studied with some selected transport or hydrodynamical models, such as the Ultra-Relativistic Quantum Molecular Dynamics (UrQMD) approach [24] , the blastwave model [25] , and a parton and hadron cascade model (PACIAE) model [26] , etc. While for the light (anti-)nuclei production, the reasonable coalescence models based on the hadrons final states simulated within the above available models should be considered, such as the phase-space coalescence model [27] [28] [29] and the statistical model [30, 31] , etc. For instance, the production of light nuclei was described theoretically in the nucleusnucleus (A-A) collisions at relativistic collision energies by the nucleonic coalescence model + the blast-wave method [32] [33] [34] or the coalescence model + a multiphase transport (AMPT) model [35] .
In this paper, the production and the transverse momentum (p T ) of final state (anti-)hadrons (π + , π − , p,p) are simulated by the PACIAE model [26] in pp and PbPb collisions at √ s NN = 2.76 TeV, respectively. And then the dynamically constrained phase-space coalescence (DCPC) model [36] is applied to deal with the production and properties of light (anti-)nuclei (d,d). Some previous satisfactory results of light (anti-)nuclei production for both pp and A-A collisions in the relativistic energy region, including transverse momentum distribution, energy dependence, scaling property, centrality dependence etc., were obtained by using this couple models [36] [37] [38] [39] [40] [41] [42] [43] . Here we will try using this mentioned method to investigate the properties of nuclear modification factors (R AA ) of (anti-)hadrons and (anti-)deuteron in Pb-Pb collisions at √ s NN = 2.76 TeV. The paper is organized as follows: In sect. II, we concisely introduce the PACIAE and DCPC model. In sec. III, our numerical calculation results of the R AA for (anti-)hadron and (anti-) deuteron are presented and compared with the available experimental data at LHC. In sec. IV, a brief conclusion is offered.
II. MODELS
The PACIAE model [26] based on PYTHIA 6.4 [44] , is designed and expanded to be feasible for p-p, p-A and A-A three different collision systems. In this model, the whole collision physics process can be mainly decomposed into four stages as follows:
Firstly, the partonic initial state forms. The nucleus -nucleus collision can be simplified into numerous nucleon-nucleon (N N ) collisions according to the collision geometry and N N total cross section. Each N N collision is described by the PYTHIA model through the string fragmentation switches off and the (anti-)diquarks arbitrarily breaks into (anti-)quarks. And hence, one can obtain a partonic initial state of a N N collision, which is consist of (anti-)quarks, and gluons. A partonic initial state of a nucleus-nucleus collision can be created when all N N collisions are exhausted. This state is also considered as the quark-gluon matter (QGM) generated in heavy energy nucleus-nucleus collisions. Secondly, the parton rescattering proceeds. The partonic matter rescattering in QGM is dealt by the 2→ 2 LO-pQCD parton-parton cross sections [45] . Here, a K factor is added here to describe non-perturbative QCD and higherorder corrections. Thirdly, the hadronization happens. The partonic matter hadronization can be fulfilled through the Lund string fragmentation approach [45] or the phenomenological coalescence method [45] . Finally, the hadron rescattering conducts. The hadronic matter continues rescattering till the exhaustion of hadronhadron collision pairs or the hadronic freeze-out. We can refer to [26] for the detail.
Then the production of light (anti-)nuclei can be calculated with the DCPC model [36] when the final state hadrons have already been provided by the PA-CIAE model. Due to the uncertainty principle ∆ q∆ p h 3 , one cannot simultaneously obtain the precise information both position q ≡ (x, y, z) and momentum p ≡ (p x , p y , p z ) for a particle in the six-dimension phase space, as the quantum statistical mechanics shown. Thus one can only deduce that this particle lies inside a quantum box in a six-dimension phase space or state with a phase-space volume of ∆ q∆ p. Hence we can simulate the yield of a single particle using an integral:
where H and E denote the Hamiltonian and energy of the particle, respectively. Analogously, one can compute the yield of the synthetic (anti-)nuclei containing N particles with the following integral:
Note that, two constraint conditions have to be satisfied in this equation:
where
and
. . ,N ) represent the energy and momentum of one particle, respectively. m 0 and ∆m denote the rest mass of synthetic (anti-)nuclei and the allowed mass uncertainty. D 0 refers to diameter of (anti-)nuclei, and |q ij | stands for the vector distance from i − th and j − th particles. The integration in Eq. (3) should be replaced by the summation over discrete distributions, since the discreteness of position and momentum distributions of hadrons exists when simulated by this transport model.
III. RESULTS AND DISCUSSIONS
At first, we can obtain the final-state particles in pp and Pb-Pb collisions using the PACIAE model [26] . In this simulations, the hadrons productions created on the assumption that hyperons which are heavier than Λ have already decayed, and most of model parameters are fixed on the default values given in PYTHIA6.4 [44] . However, the parameters parj(1,2,3) as well as the K factors, which are relevant to the hadrons and hyperons production and the width ∆ in the Gaussian transverse momentum distributions for primary hadrons in PACIAE model, are given by roughly fitting the ALICE data of pion (π) and proton (p) transverse momentum (p T ) spectra in pp collisions [3, 6] and Pb-Pb collisions at √ s NN = 2.76 TeV [1, 3, 6] . Then, in terms of (anti-)deuteron production simulation with the DCPC model, we choose the diameter D 0 = 3 fm and the mass uncertainty ∆m = 0.00042 GeV/c in Pb-Pb collisions, as Ref. [41] shows. Besides, in our PACIAE model simulation, the suitable values of these parameters are used for pp collisions and Pb-Pb collisions at √ s NN = 2.76 TeV within |y| < 0.5 respectively, as shown in Table I . As we all know, the transverse momentum (p T ) spectrum of charged particles and nuclei is a basic observable in heavy-ion collisions, which could give the original information of the hot, dense medium created in highenergy collision system. In Fig. 1 , the p T spectra of π, p, d, andd (open squares ) are reproduced for pp collisions at √ s NN = 2.76 TeV simulated by PACIAE+DCPC model, respectively. The filled circles in this figure are the experimental data taken from Refs. [3, 6, 7] . Obviously, it can be seen from Fig. 1 that the transverse momentum (p T ) distributions of these hadrons (π, p) and (anti-)deuteron (d,d) computed by PACIAE+DCPC model are well consistent with the ALICE data within uncertainties.
Similarly, to better compare with the experiment data, Fig. 2 shows the transverse momentum (p T ) spectra of π One can see from Fig. 2 that for p T < 3.0 GeV/c, a hardening of the spectra exist going from peripheral to central events, and there is mass dependent effect, as discussed in Ref. [1, 6] . And both in most central and peripheral collisions, the p T distribution of π are compatible with the experiment data, and the results of p and d in high p T distribution region are relatively good when compared with ALICE data. The reason caused this situation is π meson occupies most of hadrons in heavyion collisions, the p T distribution of π meson is more easier to reproduce than that of p and d in theoretical model [41] . In the following, to study jet quenching at high p T in Pb-Pb collisions at √ s N N = 2.76 TeV, the nuclear modification factor (R AA ), as Eq. (1) shows, for charged π, p and d are calculated by PACIAE+DCPC model in different centrality bins, as a function of p T , shown in Fig. 3 . The Fig. 3 (a) to (c), show the distribution of ratios R AA for the particles π + , p, d and compared their corresponding antimatter π − ,p,d, respectively. The Fig. 3 (d) to (f), show the distribution of ratios R AA for particles π + +π − , p +p, d +d. From Fig. 3 , one can seen that the distribution of the nuclear modification factor R AA for all the different particles and different centrality increases with the increase of p T , reaches a peak, and then decreases with the increase of p T , indicating that R AA for the meson and baryons, as well as nuclei, all have a strong suppressed effect in the region of high transverse momentum (about p T = 6.0 GeV/c). And the yield in the central collision events are more suppressed than that in peripheral collision events, this is because the medium through which the particles pass, GQP, has a larger volume with a higher centrality, leading to a stronger quenching effect. Next, we can see from Fig. 3 (a) to (c) that the R AA distribution for antihadrons and antinuclei are the same with that of corresponding hadrons and nuclei, showing that the suppression and quenching effect of matter and antimatter is the same in high energy Pb-Pb collisions. It is worth noting, as shown in Fig. 3 (c) and (f) , that the suppression effect of quenching in the high transverse momentum region is more significant in nuclei than in meson and baryons. In addition, it is observed that the R AA results of the π + +π − , p+p, and d from our simulation are comparable to those of the ALICE data [3, [5] [6] [7] [8] at p T < 3.0 GeV/c in Fig. 3 (c),(d) ,(e); and as p T > 3.0 GeV/c, the trend of R AA of the π + + π − , p +p from our simulation in Fig. 3 (d) ,(e) being suppressed is similar to that of the ALICE data [3, 6] .
Considering the mass ordering and "baryon-vs-meson" effects between suppression of different species mentioned in the introduction, the ratios and the double ratios (R D AA ) of proton to pion are discussed in pp collisions and Pb-Pb collisions for centrality bins of 0-5% and 40-50% as a function of p T , shown in the Fig. 4 and Fig. 5 , respectively. For the double ratio R D AA of proton to pion, which is to quantify the similarity of the suppression, are defined as follows:
where R
and R p+p AA denote the R AA for the charged pion and proton, respectively. Similarly, to better illustrate the suppression situation on light (anti-)nuclei, we have also analogized and extended the define and analysis means of hadron level to nucleus level. Noting that here the (anti-)proton is regarded as the primary nuclei and the component of synthetic (anti-)nuclei.
In terms of p T spectra ratios, the ratios of proton to pion and deuteron to proton, expressed in terms of p T , are respectively discussed by PACIAE+DCPC model in pp collisions and Pb-Pb collisions of the most central (0-5%) and peripheral (40-50%) centrality bins at √ s N N = 2.76 TeV. The Fig. 4 (a) and (b) , display the ratio distributions of p/π + ,p/π − , and d/p,d/p, respectively. The ratio distributions of p +p/π + + π − and d +d/p +p are shown in Fig. 4 (c) and (d) . From the left panel of Fig. 4 , it can be seen that for the central and peripheral Pb-Pb collisions, the ratios of proton to pion start to increase, reach a maximum values at p T ∼ 3.0 GeV/c, and then decreases as p T increases. While for deuteron to proton, a similar logarithmic distribution trend exists during 1.0 GeV/c < p T < 6.0 GeV/c region and the values linearly increase with increasing p T , as shown in the right panel of Fig. 4 . Moreover, as the Fig. 4 (a) and (b) shows, the ratios ofp/π − andd/p behaves as the same values and properties with that of corresponding ratios for p/π + and d/p in three collision systems, i.e., pp collisions, central and peripheral Pb-Pb collisions, respectively. And one can see that the ratios distribution trend of p+p/π + +π − and d+d/p+p by our simulation in Fig. 4 (c) and (d) are in agreement with ALICE data [3, 6, 7] within the error range allowed.
As for double ratios R evaluated by our simulation is closed to that of the STAR results [46] and ALICE data from Ref. [3] within the error range allowed.
Furthermore, since different from the pion and proton The coalescence parameter B2 of (anti-)deuteron, extracted from PACIAE+DCPC model simulation, is compared to ALICE data [5, 7, 8] in pp collisions and Pb-Pb collisions of the most central and peripheral centrality at √ sNN = 2.76
TeV, respectively.
production, (anti-)deuteron can be synthesized by (anti-)proton and (anti-)neutron within coalescence model. The coalescence parameter B 2 , plays an important role in depicting the difficulty properties of (anti-)deuteron production in high energy collisions. And we can obtain the coalescence parameter B 2 (p T ) for pp and Pb-Pb collisions, from the transverse momentum p T spectra shown in Fig. 1 and Fig. 2 , which is inspected as follows [47] :
As one can see in Fig. 6 , compared with the ALICE data [5, 7, 8] , the distribution of coalescence parameter B 2 calculated by PACIAE+DCPC model is well dependent on the transverse momentum p T in pp collisions and Pb-Pb collisions of the most central (0-5%) and peripheral (40-50%) centrality bins, expect the values of centrality bin (0-5%), since both (anti-)proton and (anti-)deuteron spectra are slightly not well estimated in this situation. Hence aiming to get a good B 2 coalescence parameter, an improved result for the (anti-)proton and (anti-)deuteron spectrum should be supplied and those need further careful study.
IV. CONCLUSION
In the paper, we have used the PACIAE+DCPC model to simulate pp and Pb-Pb collision events at a centerof-mass energy √ s NN = 2.76 TeV with p T < 6.0 GeV/c.
First we obtain the transverse momentum (p T ) spectra of π, p, d andd in pp collisions and p T spectra of π, p, d in most central and peripheral Pb-Pb collisions, which are comparable with those measured in ALICE data. And then the nuclear modification factor (R AA ) for charged π + , p, d and their corresponding antiparticles π − ,p,d , as well as the sum π + +π − , p+p, d+d in different centrality classes, as a function of p T , are evaluated by PACIAE+DCPC model. We found that the distribution of the nuclear modification factor R AA for all the different particles and different centrality increases with p T increasing, reaches a peak, and then decreases with the increase of p T , indicating that R AA for the meson and baryons, as well as nuclei, all have a strong suppressed effect in the region of high transverse momentum (about p T = 6.0 GeV/c). And the yield in the central collision events are more suppressed than that in peripheral collision events. Next, we also found the R AA distribution for antihadrons and antinuclei are the same with that of corresponding hadrons and nuclei, indicating that the suppression and quenching effect of matter and antimatter is the same in high energy Pb-Pb collisions. Besides, the suppression effect of quenching in the high transverse momentum region is more significant in nuclei than in meson and baryons. In addition, it is observed that the R AA results of the π + +π − , p+p, and d from our simulation are comparable to those of the ALICE data at p T < 3.0 GeV/c and as p T > 3.0 GeV/c, the trend of R AA of the π + + π − , p +p from our simulation being suppressed is similar to that of the ALICE data.
Next, we further study the p T spectra ratios of proton to pion and deuteron to proton, including p/π + ,p/π − , and d/p,d/p, as well as p +p/π + + π − and d +d/p +p, respectively. We found that in central and peripheral Pb-Pb collisions, the ratios of proton to pion start to increase, reach a maximum values at p T ∼ 3.0 GeV/c, and then decreases as p T increases. While for deuteron to proton, a similar logarithmic distribution trend exists as p T > 1.0 GeV/c region and the values linearly increase with increasing p T . Moreover, the ratios ofp/π − andd/p behaves as the same with that of corresponding ratios for p/π + and d/p in three collision systems. Furthermore, the double ratios R Last, the coalescence parameter B 2 (p T ) of d(d) are also discussed. Compared with the ALICE data, our PACIAE+DCPC simulation in pp and the most central (0-5%) and peripheral (40-50%) Pb-Pb collisions reproduces the measured dependence of the coalescence parameter B 2 coalescence parameter on transverse momentum p T rather well, expect the values for 0-5% centrality bin. According to the above results by PACIAE+DCPC simulation, it is noting that an improved result for the proton and deuteron transverse momentum p T spectra in high p T region should be supplied and those need further careful study in pp and Pb-Pb collisions.
